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IntroductIon
The ability to show coherent goal-directed 
behavior, even in the presence of distrac-
tion, requires the detection and resolution 
of conflict, for example between opposing 
action tendencies. This defining feature 
of cognitive control has been extensively 
studied with experimental tasks like the 
Stroop, Simon, or Flanker paradigm 
(Stroop, 1935; Simon and Rudell, 1967; 
Eriksen and Eriksen, 1974), which also 
yielded the description of an underlying 
neural network for conflict detection and 
resolution (Fan et al., 2003; Ridderinkhof 
et al., 2004). Understanding the influence 
of emotion on this system is particularly 
important because they are intrinsically tied 
to one another in real life (Pessoa, 2008). 
Recent evidence seems to be contradictory 
with reports of facilitation and impair-
ment effects of emotion on the process-
ing of conflict. On a conceptual basis both 
accounts can be supported. It may be argued 
that keeping up goal-directed behavior is 
especially difficult in emotional situations 
because of their greater distracting poten-
tial. On the other hand, emotional stimuli 
are also signals of relevance for a situation 
that might require particularly efficient cog-
nitive control (Scherer, 1994). In line with 
this latter view, Norman and Shallice (1986) 
suggested that emotion, along with other 
instances like novelty or error commitment, 
might trigger cognitive control processes. 
The present opinion article aims at elucidat-
ing these diverging views by specifying two 
critical factors – task relevance and individ-
ual differences – that result in an enhancing 
or hindering influence of emotion on the 
processing of conflict.
task relevance
To study conflict processing, participants 
are typically given a certain goal related to 
a target stimulus and need to ignore other 
irrelevant information. The irrelevant 
information could be related to peripheral 
distractor stimuli (e.g., in the Flanker task) 
or to stimulus-response-associations (e.g., 
in the Simon task). If this information is 
incongruent with the given goal the result-
ing conflict needs to be detected and solved 
in order to show coherent behavior. A 
series of recent studies demonstrated that 
the speed, with which conflict is resolved 
in such tasks is enhanced, if the presented 
conflict stimuli are emotional, i.e., emo-
tion speeds up cognitive conflict process-
ing (Kanske and Kotz, 2010, 2011b). This 
effect is independent of emotional valence 
and observable for positive and negative 
stimuli alike (Kanske and Kotz, 2011a). It 
is also present in the visual and auditory 
modality (Kanske and Kotz, 2011d) and 
in Flanker, as well as Simon-type conflict 
tasks (Kanske and Kotz, 2011b,c). The lat-
ter is especially interesting as the mecha-
nisms underlying Flanker and Simon tasks 
are very different. Conflict in the Simon 
task is not elicited through peripheral 
distractor stimuli, but through incompat-
ible stimulus presentation and response 
side mapping. If, for example participants 
perform a voice gender discrimination 
with female voices requiring a right hand 
response, but the stimulus is presented on 
the left side, the elicited action tendencies 
will conflict and responses are prolonged. 
Even though this task does not require par-
ticipants to focus on emotions, responses 
in the incompatible condition are accel-
erated if the spoken word is emotional 
(Kanske and Kotz, 2011b). The presence 
of the emotional modulation of conflict 
processing across these different conflict 
tasks and different sensory modalities 
strongly suggests that it is a general mecha-
nism acting on the supra-modal processing 
steps of conflict detection and resolution 
rather than on visual or  auditory spatial 
attention. Critically, however, in each of 
these studies the emotionally valent stim-
uli were task-relevant, i.e., the stimuli that 
participants needed to process and react to 
in order to solve the task. This contrasts 
other studies that modulated emotion 
through the presentation of additional 
stimuli that were unrelated to the task. For 
example, when emotional stimuli are pre-
sented before the conflict stimuli, conflict 
resolution is not facilitated, but impaired 
(Hart et al., 2010). Furthermore, conflict 
adaptation, i.e., the enhanced process-
ing of conflict after presentation of an 
incongruent trial, is also compromised if 
emotional stimuli are presented between 
conflict trials (Padmala et al., 2011). This 
pattern of hindering and enhancing effects 
of emotion on conflict processing suggests 
that the exact role that emotion plays in a 
task is crucial for determining its impact. 
Emotion will only enhance cognitive con-
trol if the behaviorally relevant stimuli that 
participants react to during a task are emo-
tional. Transiently induced emotion by 
task-unrelated stimuli, in contrast, yields 
hindering effects (for potentially conflict-
ing results see Birk et al., 2011; Melcher 
et al., 2012, but see also Cohen and Henik, 
2012, in this Research Topic for a discus-
sion). Corroborating evidence for this con-
clusion also comes from two recent studies 
on the effects of motivation on conflict 
processing. Similarly to emotional stimuli 
that signal importance of a situation, if 
relevance is increased through reward for 
correct task performance, cognitive con-
trol is triggered resulting in accelerated 
conflict processing (Padmala and Pessoa, 
2011). If, however, the motivational sali-
ence of the distractor stimuli is increased, 
conflict resolution is impaired (Krebs et al., 
2010). It may thus be relevance in general 
that speeds up conflict processing, rather 
than emotion specifically.
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neural underpInnIngs
A crucial node in the neural network under-
lying cognitive control is the anterior cin-
gulate cortex (ACC), in particular its dorsal 
portion (Ridderinkhof et al., 2004). The 
ventral ACC has been shown to be more 
sensitive to emotion (Bush et al., 2000) and 
also to conflict between emotional stimuli 
of different valence (Etkin et al., 2006). This 
ventral portion is also heavily connected to 
the amygdala, which is critically involved in 
emotion detection and generation (Phelps 
and LeDoux, 2005). In the context of emo-
tional influences on conflict processing, 
interactions between these three regions 
seem important. Conflicting stimuli that 
are emotionally negative activate the ven-
tral ACC in addition to the dorsal portion, 
which is active for incongruent stimuli irre-
spective of their emotional status (Kanske 
and Kotz, 2011b). Furthermore, functional 
connectivity between the ventral and dorsal 
ACC, as well as between ventral ACC and the 
amygdala is increased in incongruent emo-
tional compared to neutral trials (Kanske 
and Kotz, 2011c). This suggests that the 
ACC is integrating the need for increased 
cognitive control in conflicting situations 
with task-relevant emotional stimuli. The 
emotional saliency information is signaled 
by the amygdala and the ACC prioritizes 
these situations resulting in enhanced con-
flict processing. The relative speed of this 
process is apparent in an emotional modula-
tion of the first conflict-related component 
of the event-related potential of the EEG 
(Kanske and Kotz, 2011a). Already 200 ms 
after stimulus onset, emotional incongruent 
stimuli elicit an enhanced negativity over 
central electrodes, which has been localized 
to the dorsal ACC in non-emotional con-
flict processing (N200; van Veen and Carter, 
2002). The effects of task-irrelevant emo-
tional stimuli on reducing conflict process-
ing efficiency are also mediated by the ACC. 
Activation reduction in this region dur-
ing emotional distraction correlates with 
increased response times in the conflict task 
(Hart et al., 2010). The data on the neural 
underpinnings of reward-related influences 
on conflict processing show some similari-
ties with the nucleus accumbens involved in 
behavioral facilitation of conflict resolution 
by reward associated stimuli, and a medial 
frontal region just dorsal to the ACC inte-
grating information on the reward value of 
distractor stimuli (Krebs et al., 2011).
IndIvIdual dIfferences
As individuals differ in sensitivity to emo-
tional stimuli and cognitive control capa-
bilities, there are also variations in the 
modulation of conflict processing through 
emotion. A recent correlational study 
examined this across six experiments on 
the influence of task-relevant emotional 
stimuli on conflict processing (Kanske and 
Kotz, 2012). Individuals high in subclini-
cal depression and anxiety, both emotional 
states with deficient emotion process-
ing (Kalia, 2005; Li et al., 2008), show a 
reduced increase in cognitive control for 
negative emotional stimuli. In contrast, the 
temperament trait effortful control, which 
correlates positively with conflict processing 
and describes the ability for self-regulation 
(Gerardi-Caulton, 2000) is associated with 
an enhanced emotion induced facilitation 
of conflict processing. These relations also 
translate to the neural level. High depres-
sion and anxiety are characterized by a 
smaller conflict-related increase in ventral 
ACC activity and N200 amplitude in task-
relevant emotional stimuli, while effortful 
control has the opposite effects. Anxiety 
might also be related to the impairing effect 
of task-irrelevant emotional stimuli on con-
flict processing, but the evidence regarding 
the direction of this effect is rather mixed 
(Dennis and Chen, 2007; Dennis et al., 
2008). The presence of these individual 
differences and their systematic relation to 
emotional states and temperament across 
different experimental designs (Kanske 
and Kotz, 2012) may therefore represent 
an important aspect when explaining the 
enhancing and hindering effects of emotion 
on cognitive control.
IntegratIon
The discussed results suggest a tight inte-
gration of emotion and cognitive control in 
situations that require the resolution of con-
flict. Figure 1 illustrates this for conflict pro-
cessing in neutral stimuli (Figure 1A), and 
for an emotional task-irrelevant (Figure 1B) 
or task-relevant (Figure 1C) stimulus. In the 
well-described situation of conflict in neu-
tral stimuli, cognitive control resources will 
be recruited and bias information processing 
in line with current task-demands through 
amplification of the cortical representation 
of the task-relevant stimulus (Egner and 
Hirsch, 2005). If a task-unrelated stimulus 
is emotional, relevance detectors like the 
amygdala or nucleus accumbens will divert 
resources toward the processing of that 
stimulus, thereby impairing the processing 
of task-related conflict (Pessoa, 2009). The 
ACC closely follows this pattern by show-
ing emotion-related activation increase 
that predicts impaired task performance 
(Lim et al., 2008). ACC activity related to 
conflict, however, is decreased under emo-
tional distraction, which also correlates 
with impaired behavior (Hart et al., 2010). 
In contrast, when the task-relevant stimu-
lus is emotional, the current task-goal and 
emotional information signaled through 
the relevance detector coincide. Therefore, 
increased cognitive control resources will be 
recruited yielding an enhanced bias in infor-
mation processing toward task-relevance. 
Here, the ACC also follows this pattern with 
the additional activation of the ventral por-
tion for conflict in emotional stimuli, where 
the resolution of conflict is accelerated com-
pared to neutral stimuli (Kanske and Kotz, 
2011b,c). These interactions are variable, 
for example with individual differences in 
emotion-related amygdala reactivity and 
limbic-prefrontal connectivity in depres-
sion and anxiety (Johnstone et al., 2007; 
Kanske and Kotz, 2012). Here, the altered 
relevance detection seems to result in the 
dysfunctional integration of emotion and 
current task-goals apparent in reduced ven-
tral ACC activation. This consequently leads 
to impaired performance.
challenges and questIons
The evident pattern might show some 
valence specificity. Even though negative 
and positive emotional stimuli yield com-
parable behavior and EEG results (Kanske 
and Kotz, 2010, 2011a), there is less data 
yet on the neural mechanisms underlying 
the influence of positive emotion on con-
flict processing. As depression and anxiety 
selectively affect the influence of negative, 
but not positive emotional stimuli on con-
flict processing (Kanske and Kotz, 2012), 
the mechanisms that mediate the influence 
on conflict processing might be different 
(see also Prehn et al., 2011). For positive 
emotion they might resemble more the 
pattern observed for reward-related stim-
uli with nucleus accumbens involvement 
(Krebs et al., 2011). The mechanisms might 
also differ for highly salient emotional 
stimuli, as suggested by Pessoa (2009). 
This notion is supported by the observed 
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effects for anxiety and depression, which 
are characterized by increased sensitivity to 
negative emotional stimuli and increased 
related amygdala responding (Kanske and 
Kotz, 2012). The similarity of the results 
for motivation and emotion suggests 
that it may be relevance in general that 
yields enhanced conflict processing. This 
question should be followed up by direct 
comparisons of differently salient stimuli. 
Lastly, the relation of emotion and cogni-
tive control is not uni-directional, rather, 
different levels of control may also affect 
emotion. There is some indication that 
individuals with high emotion regulation 
capacity attenuate emotional process-
ing when cognitive control is recruited 
for conflict processing (Cohen et al., in 
press). The challenge for future investiga-
tions will be to concurrently study these 
reciprocal relations and their underlying 
neural mechanisms.
conclusIon
Conflict processing is directly influenced 
by emotion, with individual differences in 
temperament and emotional state, as well as 
the task-relevance of the emotionally valent 
stimuli critically determining if this influ-
ence is an enhancing or a hindering one. 
The resulting pattern is highly evolution-
ary adaptive as the time that conflict yields 
an organism incapable of responding to 
potentially dangerous negative or reward-
signaling positive stimuli is reduced. In 
contrast, if stimuli are present that are not 
relevant to current task-goals, but may still 
be relevant to higher order goals because of 
their danger- or reward-value, their process-
ing is prioritized over task-performance. In 
consequence, the flexibility of behavior is 
greatly enhanced with slower and faster 
processing routes depending on current 
task-related and overarching goals.
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